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Light intensityAbstract The tilapiaOreochromis mossambicus shows a series of short ovarian cycles throughout the
year. The present study examined the impact of low intensity ambient natural light (ANL) in indoor
environment on the follicular developmental status and the spawning cycle of O. mossambicus. The
stripped fish (eggs removed manually, day 1) held outdoors in direct natural light (DNL) successfully
spawned between 24 and 28 days, whereas those reared inANL failed to spawn despite the presence of
a significantly higher number of stage V (vitellogenic) follicles in the ovary compared to that of DNL
during the prespawning phase (day 23). These fish did not spawn even up to day 50. The profile of
serum levels of cortisol did not show a significant difference between the two experimental conditions.
On the other hand, the serum levels of estradiol (E2) were significantly higher during vitellogenic phase
(day 18) compared to previtellogenic phase (day 12) in both experimental fish. In fish exposed toDNL,
the serum levels of E2 decreased prior to spawning, but remained significantly higher in fish exposed to
ANL, suggesting the possible absence of a steroidogenic shift prior to spawning. The results reveal
that lack of a critical environmental cue such as the light signal might affect the spawning cycle by
causing alterations in the ovarian steroidogenic activity, for the first time in a continuously breeding
fish such as O. mossambicus.
 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
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Figure 1 (A and B) GSI (A) and HSI (B) during different phases
of the ovarian cycle of stripped O. mossambicus exposed to DNL
and ANL. Groups with same superscripts (lower case and upper
case letters represent comparisons among DNL and ANL fish
groups respectively) are not significantly different, whereas groups
with different superscripts are significantly (P< 0.05) different.
Values are mean ± S.E.
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Understanding the reproductive biology and periodicity of the
spawning cycle of a species is very important for the rise of
broodstock in captivity in aquaculture. Reproduction in fish
is regulated by hormones of the HPG axis (Nagahama and
Yamashita, 2008), and influenced by HPI axis (Flik et al.,
2006; Schreck, 2010). For example, suppression of reproduc-
tion is observed following elevation of plasma cortisol levels
either due to stress (Schreck et al., 2001) or by exogenous
administration of cortisol in the rainbow trout, Oncorhynchus
mykiss (Carragher and Sumpter, 1990), and the arctic char,
Salvelinus alpinus (Berg et al., 2004). On the other hand,
environmental factors also influence seasonal reproduction in
teleosts (Munro, 1990), and inappropriate environmental
conditions may affect ovarian functions (Lam, 1983). Various
characteristics of light such as quality (wavelength), intensity
and periodicity (photoperiod) are known to have a profound
effect on the physiological functions in fish (Boeuf and Bail,
1999). Exposure to low photoperiod or low oxygen impairs
ovarian growth in the medaka, Oryzias latipes (Koger et al.,
1999), and in the Atlantic croaker, Micropogonius undulatus
(Thomas et al., 2007). Furthermore, a failure to spawn is
reported in the migratory fish, Prochilodus argenteus
(Arantes et al., 2010) and in a number of other food fishes such
as Cyprinus carpio (Wu et al., 2003), Catla catla, Cirrhinus
mrigala, and Cirrhinus cirrhosus (Sugunan, 1995) due to poor
ecological conditions. However, whether such a disruption in
ovarian function is due to the impairment in recruitment of
follicles for vitellogenic growth and estrogen secretion or not
remains unclear in fish. Also, the hormonal mechanisms
controlling oogonial proliferation, recruitment of oocytes
and spawning are not completely understood (Lubzens et al.,
2010).
The tilapia Oreochromis mossambicus in mouthbrooding
condition, has a breeding cycle of 40–42 days duration,
whereas in stripped fish the breeding cycle is completed in
25 days (Smith and Haley, 1988). The pattern of follicular
development and the duration of different stages of the ovar-
ian cycle namely, previtellogenic, vitellogenic, prespawning
and postspawning phases for this species in nonmouthbrood-
ing condition is known (Ganesh, 2014). A previous study
reported that O. mossambicus kept indoors failed to spawn,
whereas they spawned after shifting to outdoor aquaria
(Ganesh and Mokashi, 2008). While this study suggested the
possible lack of critical environmental cues, whether the failure
of spawning is due to the absence of a specific environmental
signal or a poor environment-induced stress, is not clear. Also,
whether the fish fails to spawn despite normal follicular
development or if a specific follicular developmental stage is
arrested, is not known. The present study hypothesized that
indoors, environmental conditions such as low intensity
ANL, might affect the spawning periodicity in a continuously
breeding fish such as O. mossambicus. Hence, the objectives of
the present study were to determine (1) whether the spawning
in indoor environment is inhibited by low intensity ANL, if so,
whether this factor acts as a stressor involving the activation of
stress axis and (2) whether the spawning failure is due to
inhibition at a specific follicular developmental stage through
the suppression of steroidogenic activity within the ovary in
O. mossambicus.Materials and methods
Experimental groups
AdultO. mossambicuswere collected from ponds in and around
the Dharwad District (longitude 75010 E, latitude 15270 N)
and were maintained in freshwater tanks measuring
3  3  3 ft under natural photoperiod. Two months prior to
the start of the experiment, fish (25–35 g) were stocked into
ten outdoor aquaria at a density of five females and two males
per aquarium (volume, 70 L; size, 36  12  18 inches;
L W  H). The fish were fed with commercially available
food pellets twice daily. The mouthbrooding females were iden-
tified by the appearance of a gular bulge. Females were trans-
ferred to a bucket of water, and the eggs were removed from
their mouth by gentle manual stripping. The day of stripping
was recorded as the day 1 of the ovarian cycle. A group of five
fish was euthanized on day 1. The fish were anaesthetized with
2-phenoxy ethanol (1:1500; Sigma Aldrich, USA) prior to kill-
ing by the decapitation method. In stripped O. mossambicus,
the previtellogenic phase extends between days 1 and 12, vitel-
logenic phase between days 13 and 18, prespawning phase
between days 19 and 24, and mouthbrooding phase (for about
5 days) after spawning (Ganesh, 2014). Thus, the remaining
stripped females (n= 40) were divided into two experimental
Figure 2 (A–F) Cross sections of the ovary of O. mossambicus during different phases of the ovarian cycle. Note the presence of stages I–
III (previtellogenic), stage IV (vitellogenic) and atretic follicles during postspawning phase (day 1, A), mostly stage I–III follicles during
the previtellogenic phase (day 12, B), appearance of stage IV (vitellogenic, C) follicles on day 18 (vitellogenic phase), large yolk granules in
ripe follicles (stage V) in the ovary during the prespawning phase (day 23, D and E) and mostly atretic follicles in the ovary of fish exposed
to ANL (day 50, F); I, II, III, IV and V, stages of follicular development; AF, atretic follicle; G, granulosa; N, nucleus; YG, yolk granules;
ZR, zona radiata. All figures, hematoxylin and eosin; Scale bars, E = 10 lm; others = 100 lm.
Inhibition of spawning in Oreochromis mossambicus 147groups. The fish in the first experimental group were exposed to
DNL in the outdoor environment, whereas those in the second
experimental group were maintained indoors wherein the inten-
sity of ANL was low (Table 1). The fish in both these experi-
mental groups were sacrificed on days 12, 18, and 23 (n= 5on each day; total = 30). Day 23 onward, a group of ten fish
were kept for observation to determine whether they spawn
in the given experimental condition or not (n= 5 each for
DNL and ANL groups). The fish exposed to DNL spawned
between 24 and 28 days and entered the mouthbrooding phase
Table 1 Changes in environmental factors in direct natural light and ambient natural light experimental conditions.









DNL 84883.33 ± 1177.10 11.29 ± 0.04 7.18 ± 0.13 31.28 ± 0.83 8.15 ± 0.12
ANL 35 ± 5.77 11.29 ± 0.04 7.16 ± 1.63 30.28 ± 1.82 8.06 ± 1.04
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Figure 3 (A–E) Follicular development during the ovarian cycle of the O. mossambicus. *Significantly (P< 0.05) different between DNL
and ANL fish groups. Groups with same superscripts (lower case and upper case letters represent comparisons among DNL and ANL fish
groups respectively) are not significantly different, whereas groups with different superscripts are significantly (P< 0.05) different. Values
are mean ± S.E.
148 C.B. Ganesh, V.R. Mokashisubsequently, whereas those kept in ANL did not spawn.
Therefore, these fish were sacrificed on day 50 to check the
functional status of the ovary.
In both experimental conditions, each aquarium was
provided with aerator and aquatic plants to ensure the supply
of oxygen. Care was taken to monitor constancy of other
environmental variables (Table 1) such as dissolved oxygenlevel, water temperature, and pH by recirculation of water
once in two days, and by simulation of the outdoor aquaria
temperature, using a heating device. The duration of the
natural photoperiod was the same in both experimental
conditions (Table 1). The light intensities in both experimental
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Figure 4 Percentage of follicular atresia during different phases of the ovarian cycle in O. mossambicus. Note that the incidence of atresia
is generally high in stage II–IV follicles in fish exposed to ANL compared to those of DNL.
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At the time of dissection, the weights of the body, the ovary
and the liver were recorded to calculate the gonadosomatic
index (GSI; 100  weight of the ovary/body weight) and hep-
atosomatic index (HSI; 100  weight of the liver/body weight).
The ovaries were fixed in Bouin’s fluid for 24 h, dehydrated
through alcoholic grades, cleared in chloroform and embedded
in paraffin. Serial sections of 5 lm thickness were cut and
stained with hematoxylin–eosin.
Morphometry
The ovarian follicles were classified based on the morphology
and size as described previously for O. mossambicus (Ganesh,
2014). Briefly, chromatin nucleolar, perinucleolar, cortical-
alveolar, vitellogenic and early maturation stages were
identified as stages I, II, III, IV and V follicles, respectively
in cross sections of the ovary. All follicles in a histological sec-
tion were counted using a cell counter, but at a time, only one
type of follicle was considered for scoring. The stage I, II, III,
IV and V follicles were counted in every 9th, 25th, 60th, 120th,
and 300th sections of the ovary, respectively. This criterion
was based on the size of these follicles so that the repeated
scoring of the same follicle could be avoided. Whereas the
stage I follicles were counted under 10, the stage II–V folli-
cles were counted under 4 objective lens. The atretic follicles
belonging to each category were counted separately and
represented as percent atresia.
EIA for serum estradiol (E2) and cortisol
Blood samples from all experimental groups were collected in
disposable plastic eppendorf tubes by caudal vein puncture
method at evening (between 5.00 and 6.00 pm). The blood
was allowed to settle at room temperature and then
centrifuged at 3000 rpm. The serum was separated and stored
at 20 C until the E2 and cortisol levels were estimated. A
solid phase enzyme-linked immunosorbent assay based on the
principle of competitive binding was employed using the kits
and procedures supplied by Syntron Bioresearch Inc, USA
and IBL International GMBH, Germany for the determination
of serum E2 and cortisol levels respectively. For the E2 EIA,
50 lL serum, and standard concentrations, 0, 50, 200, 600,
2000 pg mL1 were dispensed into the polystyrene coatedmicrowells containing anti-estradiol antibody followed by
estradiol conjugated with horseradish peroxidase. The wells
were incubated at 37 C for 60 min, rinsed with diluted washing
buffer and dried. Substrate solution containing hydrogen per-
oxidase 0.02% in 0.05 M acetate buffer and buffered chro-
mogen was used for color development. The absorbance was
read at 450 nm using a microwell EIA plate reader. For the cor-
tisol EIA, different standard concentrations, 0, 20, 50, 100, 200,
400 and 800 ng mL1, along with 20 lL serum sample were
dispensed into the microtiter wells coated with anti-cortisol
monoclonal antibody. The contents were then incubated at
room temperature for 60 min along with cortisol conjugated
to horseradish peroxidase. The intra and inter assay variations
were between 6% and 8% for both E2 and cortisol.
Statistical analysis
The mean values of GSI, HSI, follicular counts, and serum E2
and cortisol levels of fish in different experimental groups of
DNL and ANL were compared by a two-way ANOVA with
one factor being environmental condition (DNL/ANL) and
the other being the ovarian cycle (pattern of follicular develop-
ment), using Sigma Stat version 3.5 software. All multiple
comparisons with respect to various parameters within DNL
and ANL experimental groups and interactions between the
ovarian cycle and the DNL and ANL were done using post




The mean GSI and HSI did not show a statistically significant
variation during previtellogenic (day 12) and vitellogenic (day
18) phases of the ovarian cycle compared to day 1, whereas
these values increased significantly (GSI, P< 0.001; HSI,
P< 0.01) during the prespawning phase compared to those
of the previtellogenic phase in both experimental groups
(Fig. 1A and B). While the GSI decreased significantly
(P< 0.001) later on day 50 in fish exposed to ANL compared
to those in prespawning phase, the HSI showed only a slight
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Figure 5 Profile of serum E2 and cortisol levels during the
ovarian cycle in O. mossambicus. *Significantly (P< 0.05) differ-
ent between DNL and ANL fish groups. Groups with the same
superscripts (lower case and upper case letters represent compar-
isons among DNL and ANL fish groups respectively) are not
significantly different, whereas groups with different superscripts
are significantly (P< 0.05) different. Values are mean ± S.E.
150 C.B. Ganesh, V.R. Mokashiremained higher compared to those in previtellogenic and
vitellogenic phases (Fig. 1A and B).
The ovarian follicular development
In both experimental groups, the ovary contained stage I–III
(previtellogenic) follicles with some degenerating stage IV
(vitellogenic) follicles during mouthbrooding phase (on day
1, Fig. 2A). While the remnant stage IV follicles reabsorbed
by follicular cells were found at the end of previtellogenic
phase (on day 12, Fig. 2B), a new batch of stage IV follicles
was observed again at the end of the vitellogenic phase (on
day 18, Fig. 2C). Some stage V (vitellogenic) follicles were seen
on day 18 in fish kept at ANL condition in contrast to absence
of these follicles in fish exposed to DNL. However, fully
ripened stage V follicles with larger yolk granules were found
in the prespawning phase in both experimental fish (day 23,
Fig. 2D and E).
The mean number of stage I follicles showed a significant
(P< 0.001) progressive increase through previtellogenic (day
12) and vitellogenic (day 18) phases compared to day 1, but
decreased significantly (P< 0.001) later during the prespawn-
ing phase (day 23, Fig. 3A) in fish exposed to DNL. A similar
trend was found in fish exposed to ANL except for a significant
(P< 0.001) decrease during the previtellogenic phase
compared to that of DNL.
The number of stage I follicles increased significantly
(P< 0.001) on day 50 compared to day 23 in the ANLexposed group (Fig. 3A). There was no statistically significant
difference in the number of stage II follicles on days 12 and 18
compared to day 1, whereas their number decreased
significantly (P< 0.001) on day 23 compared to day 1, and
day 18 in both experimental fish (Fig. 3B). The number of
these follicles was significantly (P< 0.001) lower on day 12
in fish exposed to ANL compared to that of the DNL group
and showed a decreasing trend after day 23 through day 50
(Fig. 3B). The stage III follicles were significantly
(P< 0.001) lower on day 12 compared to those on day 1,
but showed a progressive increase up to day 18 in both
experimental fish followed by a decrease on day 23 that was
not statistically significant (Fig. 3C). These follicles showed a
further decrease on day 50 in the ANL treatment group
(Fig. 3C). The mean number of stage IV follicles remained
low up to day 12, but showed a significant (P< 0.001)
increase on day 18 in both experimental fish (Fig. 3D).
However, these follicles declined significantly (P< 0.001) on
day 23 compared to those on day 18. Although the number
of these follicles did not show significant difference on day
50 compared to day 23, their number was significantly
(P< 0.001) lower compared to day 18 (Fig. 3D). While the
stage V follicles were found only on day 23 in the DNL treat-
ment group, few stage V follicles appeared on day 18 itself in
fish exposed to ANL, and their mean number was significantly
(P< 0.001) higher on day 23 compared to that of the DNL
group. However, a significant (P< 0.001) decrease in their
number was noticed on day 50 in the ANL treatment group
compared to day 23.
Atresia was identified in stage II–IV follicles in both exper-
imental fish groups. Atresia in stage II and IV follicles was less
than 10% during the ovarian cycle, whereas a high percent was
found in stage III follicles on days 12 (30.08%) and 23
(34.05%; Fig. 4A) in DNL treatment fish, which coincided
with a decreased number of healthy stage III follicles on days
12 and 23 (Figs. 3C and 4A). A similar negative correlation
was also seen on day 18 for these follicles (Figs. 3C and 4A).
However, in the ANL treatment group, an opposite trend
was observed i.e. the percent of stage III follicular atresia
remained high on day 18 followed by a decrease on day 23,
which further reached a maximum (53.5%) on day 50
(Fig. 4B). Also, in contrast to fish in the DNL group, there
was a general increase in percent of atresia in stages II and
IV follicles on days 12, 23 and 50 in fish exposed to ANL
(Fig. 4A and B).
The steroid hormone levels
The mean serum levels of E2 showed a significant (P< 0.005)
decrease on day 12 compared to day 1, and remained signifi-
cantly (P< 0.001) higher on day 18 compared to day 12,
but dropped significantly (P< 0.001) on day 23 (Fig. 5A) in
the DNL group. Although the fish in the ANL group also
showed a similar profile until day 18, the serum E2 levels
remained significantly (P< 0.001) higher on day 23 compared
to those of the DNL group, and decreased significantly
(P< 0.01) later on day 50 compared to day 23 (Fig. 5A).
The mean serum levels of cortisol decreased significantly
(P< 0.001) on day 12 compared to day 1, but increased signif-
icantly (P< 0.01) again on day 18 compared to day 12 and
remained in the same level up to day 23 in both experimental
fish (Fig. 5B). Whereas the serum cortisol concentration
Inhibition of spawning in Oreochromis mossambicus 151showed a significant (P< 0.002) decrease on day 50 compared
to day 23, it did not differ significantly from that of day 12
(Fig. 5B).Discussion
Inhibitory role for stress hormone cortisol on reproduction has
been suggested in fish (Schreck, 2010). While elevation in the
plasma levels of cortisol due to environmental stress caused
a reduction in the size of the gonads in both male and female
brown trout Salmo trutta (Pickering, 2006), exposure of
O. mossambicus to mild acute stressors for 22 days inhibited
spawning as shown by a significant ovarian stress response
concomitant with several fold increase in serum cortisol
concentration (Chabbi and Ganesh, 2012). In the present
study, although failure of spawning was observed in fish
exposed to low intensity ANL, the serum cortisol response
was not significant. This clearly suggests that the indoor
environmental condition was not stressful for this species.
Spawning may not occur under inappropriate environmen-
tal conditions (Lam, 1983) as the reproductive cycle in teleosts
is influenced by environmental factors (Munro, 1990;
Nagahama and Yamashita, 2008). Rideout et al. (2005)
proposed that the interruption in the spawning cycle can occur
at three points in fish, i.e. halting of the oocyte development at
previtellogenic or vitellogenic stage or after follicular matura-
tion. Several studies have shown the failure of spawning at
different points due to altered environmental conditions
such as hypoxia, temperature, photoperiod and light intensity
etc. For instance, impairment in the gonadal maturation
was associated with the failure of spawning in the carp
C. carpio (Wu et al., 2003), the Atlantic croaker, M. undulatus
(Thomas et al., 2007) and in the migratory fish P. argenteus
(Arantes et al., 2010) due to hypoxia and low water tempera-
ture. Exposure to long photoperiod stimulated ovarian activity
in salmonoids such as Salmo gairdneri (Whitehead et al., 1978)
and Oncorhynchus gorbusha (MacQuarrie et al., 1979). Simi-
larly, lengthening of photoperiod (16L:8D) was effective in
inducing spawning in the carp C. carpio compared to those
exposed to 12L:12D (Davies and Hanyu, 1986). In Nile tilapia
Oreochromis niloticus that shows multiple spawning through-
out the year, long photoperiods (18L:6D) promoted general
spawning performance as shown by total/relative fecundity
in female broodstock compared to those exposed to short
(6L:18D) and normal (12L:12D) days (Campos-Mendoza
et al., 2004; Tharwat, 2007). In another multiple spawner
Mexican silverside Chirostoma estor estor, Martinez-Palacios
et al. (2007) obtained highest fecundity and number of spawn-
ings with the long day length treatments (24L:0D and 18L:6D),
whereas no spawning was noticed in the short day length
treatments (6L:18D). On the other hand, exposure to a short
photoperiod resulted in the production of immature ova in
the medaka, O. latipes (Koger et al., 1999), the ovarian regres-
sion in the viviparous teleost, Gambusia affinis (Koya and
Kamia, 2000) and in the inhibition of spawning in the barbel,
Barbus barbus (Poncin, 1989). Previous study (Ganesh and
Mokashi, 2008) in O. mossambicus also suggested a role for
photoperiod in reproductive activity as spawning was observed
only after transferring them from indoor aquaria to outdoor
aquaria. However, intensity of light in indoor and outdoor
environments was not determined in that study (Ganesh andMokashi, 2008). We may recall that the intensity of environ-
mental light could cause variation in light signal reception in
cichlids (Carleton and Kocher, 2001) including Nile tilapia
O. niloticus (Hornsby et al., 2013). Indeed, a stimulatory role
for increased light intensity on ovarian activity is suggested
in the pejerrey Odontesthes bonariensis (Miranda et al.,
2009), the yellowtail damselfish Chrysiptera parasema (Shin
et al., 2013) and the white spotted rabbitfish Siganus sutor
(Shirinabadi et al., 2013). In the present study, critical
environmental variables such as dissolved oxygen level, pH,
and water temperature were relatively constant in both ANL
and DNL experimental conditions except for light intensity.
Therefore, it is suggested that inadequate photic signal in
indoor environmental conditions can lead to failure of
spawning in O. mossambicus.
Photic effects on fish reproduction might be mediated
through melatonin, a hormone which is involved in the
transduction of light information to the reproductive axis.
A role for melatonin in reproductive activity was suggested
in the common carp C. carpio (Kezuka et al., 1988), the
Atlantic salmon Salmo salar (Randall et al., 1989) and the
sea bass Dicentrarchus labrax (Sanchez-Vazquez et al., 1997).
Melatonin was also shown to affect estradiol levels in mature
carp females (Popek et al., 1997) and LH secretion directly
at the pituitary level in the Atlantic croaker, M. undulatus
(Popek et al., 1994). Recently, Maitra et al. (2013) reported
an association between melatonin and ovarian steroids as
shown by the stimulatory effect of melatonin on maturation
inducing hormone in meiotic resumption of carp oocytes
in vitro. Consequently in the present study, the possibility of
involvement of melatonin in inhibition of spawning in fish
exposed to ANL cannot be ruled out. Further studies are
required to address this aspect in O. mossambicus.
Estrogen is implicated in the stimulation of vitellogenin
secretion in fish (Wallace, 1985; Kwon et al., 1993).
Nagahama and Yamashita (2008) suggested that the steroido-
genic shift from the production of E2 (vitellogenic phase) to the
maturation inducing steroid (prior to spawning) after the pre-
ovulatory raise in LH levels was critical for fish spawning. A
number of studies have also supported this hypothesis. For
example, plasma levels of E2 was increased during the vitel-
logenic phase followed by a decrease during the final stages
of follicular maturation in the catfish Heteropneustes fossilis
(Lamba et al., 1983), the pacu Piaractus mesopotamicus
(Gazola et al., 1996), the spiny damselfish Acanthochromis
polyacanthus (Pankhurst et al., 1999), the swordfish Xiphias
gladius (Corriero et al., 2004) and the shark Cephaloscyllium
laticeps (Awruch et al., 2008). While a similar decrease in the
serum levels of E2 on day 23 was associated with the spawning
in fish exposed to DNL in the present study, the serum levels of
E2 remained high on day 23 in ANL treatment group. These
results suggest the possibility of poor environment-induced
alterations in the ovarian steroidogenic activity; and the phys-
iological significance of this fact is further supported by the
follicular atresia data. In the present study, although there
was similarity in the increased number of young follicles (stage
I) between day 18 and 50 in fish exposed to low ANL, a signif-
icant decrease in the number of stage II–V follicles was found
on day 50; and the decrease in these follicles was accompanied
by a high percentage of atresia between days 23 and 50. These
results indicate that despite successful progression of
vitellogenic follicular growth up to stage V, the omission of
152 C.B. Ganesh, V.R. Mokashispawning might be due to the demise of the healthy follicles at
later stages under poor environmental conditions. Indeed, the
disturbances in the environmental factors have been implicated
in the increased oocyte atresia in teleosts (Nagahama, 1983;
Guraya, 1986).Conclusions
The present investigation demonstrated that inadequate
illumination signal can lead to omission of spawning despite
the presence of fully ripened vitellogenic follicles for the first
time in a fish with high plasticity such as O. mossambicus. It
is suggested that the perturbations in the environmental
conditions could cause alterations in the steroidogenic activity
of the ovary and that the reabsorption of the vitellogenic
follicles following omission of spawning might be a strategy
to ensure the growth and survival of the progeny and to
conserve subsequent parental energy investment during mouth-
brooding phase under unfavorable environmental conditions in
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